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Abstract 
Modern machinery has quite necessity of accuracy, fast and robust sensors/actuators in 
order to solve more complicated tasks as actual life demands, such as given by air 
compressor systems, pumps and turbines that are used, because of mechanical movement 
transmission. Notwithstanding, while sensors can’t get fast transduction, information from 
physical variables can be lost even also due to disturbances. By other side, actuators need 
fast information owing to send a control signal over mechanical systems. In this work is 
proposed a filter as the part inside of sensors based in nanostructures. Therefore, because of 
geometrical and material properties from nanostructures, sensors/actuators can separate 
perturbation based in electromagnetic signals that are coupled in the main information to be 
processed. 
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INTRODUCTION 
Physical variables that usually give 
information from different processes, such as 
temperature, pressure or flow. All of them 
can be transduced as signals that get 
information from them in order to solve tasks. 
However, usually electromagnetic noise is 
coupled around the processes. The trouble is 
that added signal (noise) provokes 
interference. Nevertheless, it can be cleaned 
by many mechanisms that were studied since 
many years ago: “Filters” [4]. 
 
Through the frequency domain analysis, 
the changes from main signal (noise) were 
solved, because of designing different 
filters as Low Pass Filter (LPF), Band Pass 
Filter (BPF) and High Pass Filter (HPF). 
Many of them were based in passive 
components (electrical resistance, 
capacitance and inductance). Furthermore, 
these passive filters can be replaced by 
active components as known as 
Operational Amplifiers (OPAMP) due to 
better performance during transduction 
process. 
  
By other side, while computer 
development improved, so it was possible 
to design filter by software owing to use 
different algorithms with capacity to 
replace filters that were based in hardware 
(passive or active) [4]. 
 
In this work, it is achieved the 
enhancement of the sensing properties of 
nanostructures according to elaborate not 
only sensors and actuators that were based 
in nanostructures. It means to use filtering 
properties from them, because of 
capacitance properties. That can be 
coupled to computer strategies to get 
predictive results as it is named in this 
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work: The filter “a”. Furthermore, it is 
researched the high importance of sensors 
that were based in nanostructures owing to 
get fast response which is necessary to 
compensate operating time that were 
needed for the filter. 
 
However, a big disadvantage from 
adaptive filters is caused due to the desired 
signal is not necessarily known, in spite of 
predictive and adaptive capacities 
achieved by them. Therefore, not only 
strategies through algorithms can try to 
solve this problem. 
  
In this work are designed enhanced 
hardware to clean physical variables 
through hybrid mechanism, because of 
passive behavior, nanostructure arrays, 
algorithm solutions and simple adaptation 
owing to hysteresis behavior in 
nanostructures. For this reason, in this 
research is proposed a supported solution 
by a logic of feedback to get a prediction 
as delay time compensation, such as 
representation by letter “a” and computer 
strategies. The outlook summarizes 
nanostructure application due to joining 
simple filtering solution, as given by high 
nanostructure arrays and simple memory 
space that were coupled in the signal 
[1−5]. 
 
FILTER 
The filter is an electrical device, which 
reduces external disturbances that were 
coupled to the main signal that gets 
information from a determined physical 
variable transduced through a sensor; even 
though they can be designed by software, 
nowadays. 
 
Since humans found the possibility to 
clean main sensor signal from coupled 
signals, as given for communication tasks, 
machine computer correlation, so it was 
possible to get more precision to achieve 
the real information while the sensor 
signal is sending. However, this process 
got a cost in response time, because of 
cleaning signal implies a delay, even that 
can‟t be perceived by  slow process such 
as the context, when the process time is 
bigger than measure signal task (typical in 
thermal applications). Otherwise, a simple 
analysis by capacitor and electrical 
resistance could clean the signal from any 
kind of external signal as known as noise. 
 
By other side, this simple solution is not 
enough, when there are many physical 
variables to register and to study their 
behavior in order to get their control. It 
means, whether all of them are 
summarized by a control algorithm inside 
the controller. The response time of the 
process is a problematic, when it is 
necessary to clean all signals (measured 
physical variables). Therefore, there were 
proposed many new technics as for 
example “predictive and adaptive filters” 
as consequence of error analysis 
(furthermore specific technics as Least 
Mean Square: LMS). But big 
disadvantages are caused, because all of 
them need a desired signal, which is so 
ideal in real life. 
 
A general filter is represented by equation 
1, where “t” means response time and “k” 
is the proportional constant to get the 
balance between cleaned signal “Cs” and 
noisy signal “Ns”. This equation 
generalizes a LPF that is suggested to use 
a filter that could make reconstructions 
and predictions of the measured signal. 
Nevertheless, in that context it needs an 
ideal reference signal in order to make 
more accurate predictions. Of course, the 
advantage of using that type of filter 
(predictive and adaptive filters) is given 
due to “adaptive and reconstructive 
properties”. But big disadvantages are 
caused owing to the response time 
between the filter and the plant (in which 
is applied the filter). Even sometimes the 
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plant response time is shorter than filter 
response time (costing, because of ideal 
reference signal to make adaptation and 
predictions). 
  
  
 
 
    
                                                 (1) 
  
In this context, in Fig. 1 is depicted signal 
filtering process by an adaptive/predictive 
filter, which for this research it is proposed 
as filter “a”. In this figure is represented 
not completed signal (that lost its 
information), and as a consequence of the 
proposed filter, it was possible to clean the 
signal and to adapt coefficients in order to 
get predictions to achieve the total 
measured signal reconstruction. 
 
It is usually known as “transfer function” 
the relation among “Cs” and “Ns” 
specifically for passive filters, in which 
electrical parameters as “electrical 
resistance, capacitance and inductance” 
give equivalent information. It's like it was 
obtained for a general “first order transfer 
function” that means proportional gain and 
response time. Hence, “how fast could be a 
filter?” and “how robust it could be?” that 
depends from its physical parameters 
previously mentioned. 
 
Notwithstanding, the relation among 
noise and signal (Signal Noise Ratio: 
SNR) gives information of the precision 
from the filter designed. But sometimes 
the filter has the task to clean noisy 
signal that comes with incomplete 
information. It means, such as for 
example, whether a temperature sensor 
measure this physical parameter from a 
thermal system and suddenly this 
information lost due to a disturbance 
was added in the measurement. 
Therefore, the registered temperature 
(after to be filtered) is not complete. In 
that situation, it is suggested to use filter 
that could make reconstructions and 
predictions of the measured signal.  
 
 
Figure 1: Filter “a” scheme representation. 
 
The filtering sequence of the designed 
filter is showed in Fig. 2. In that, it is 
necessary to understand the “adaptation 
loop” for which the algorithm consumes 
operating time due to find (while 
predicting) the right adaptive coefficients 
as dependence of the measured signal and 
reference signal. As it is proposed by the 
connotation of this filter, a letter “a”, it is 
because of this letter needs beginning line 
to be written and return to the same 
position line, such as making a curved 
loop and finishing this in another line as 
when the algorithm finishes successfully to 
be executed. It means to clean the noisy 
signal.
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Figure 2: Flowchart of the proposed filter “a”. 
 
However, the proposed filter has an 
adaptation effect, which can be supported 
by external computer through adaptive 
algorithms. Thus, the achieved error “e(n)” 
among the desired signal “d(n)” with the 
adaptive/predicted filtered signal “S(n)” 
was evaluated through “Least Mean 
Square (LMS)” algorithm as it is showed 
in equation 2. 
 
It is widely known that the smallest error 
is achieved while square error is obtained, 
hence in this proposal it needs to get 
adaptive coefficients “w” for every 
component in measured array signal “X” 
(in equation 2). 
                              (2) 
 
Normally, adaptive or predictive filters 
analyze only the received signal from the 
sensor. Sometimes there are joined passive 
filters such as LPF, even though that 
provokes consequences in frequency 
analysis during the filtering task. However, 
it is not analyzed the material of sensor 
composition, which for this research it was 
studied material that were based in Anodic 
Aluminum Oxide (AAO) due to robustness 
and short response time properties while 
geometrical characteristics from them. In 
this context, it is summarized physical 
variables from every nanohole through 
“Tensor analysis calculation” as given 
from equation 3. It is because to work with 
a mathematical support to store 
information of every instant needed to 
capture vibration signal for which  ̅ and A 
mean the vector and scalar fields that are 
correlated through their derivative changes 
 ̅ and X as described for every 
components “ i ” and “ j ”. 
 ̅  
  ̅ 
   
                                                (3) 
  
Otherwise, equation 4 joins every sensor 
information for quantity of captured data “n” 
that sensors information can be correlated 
later by a LMS algorithm (such as vibration). 
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for which, as consequence the error 
analysis can be achieved as proposed 
through equation 5, where  ̅  is the matrix 
error,  ̅ is the matrix of desired signal and 
 ̅ is the matrix of the effect of the 
expected signal that were produced by 
LMS as consequence to correlate its 
changes “S”. 
 ̅   ̅   
  ̅ 
   
    (5)  
That means, in general expression as 
described by equation 6, 
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FILTER “a” DESIGN 
In order to elaborate the filter “a” to test 
the proposed algorithm, there were 
prepared sensors that were based in 
nanostructures that also are shown in “Fig. 
3a, 3b, 3c”. This sensor is based in AAO 
due to measure vibrations. For which, in 
“Fig. 3a„” is depicted a prototype design 
based only in AAO which has electrical 
transductions but not as good as achieved 
by the prototype that is showed in “Fig. 
3b”. For that in “Fig. 3c„”, it is depicted 
also its nanostructures porous membrane. 
 
AAO porous membranes were obtained by 
previous cleaning aluminum foil at 98 
percent of purity by electropolishing and 
after it was achieved nanoholes 
membranes by anodization.
 
 
 
Figure 3: Vibration proposal sensor based in AAO. 
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VIBRATION APPLICATIONS 
The first test to evaluate the designed filter 
was achieved by vibration analysis as 
sound measurement, which was compared 
in order to analyze the filter performance. 
Therefore, in Fig. 4 is showed the setup: a 
Direct Current (DC) motor, the designed 
position/vibration sensor prototype, which 
includes the filter design that was 
supported by nanostructures. Necessarily, 
by a separation distance and non-contact 
testing it was the first test between the 
designed sensors with the DC motor. It is 
because while tests were made by contact, 
sensor was broken even the filter achieved 
the measured vibration. 
 
 
Figure 4: Vibration test setup by non-contact measurement. 
 
Nevertheless, it was analyzed also the 
consequence to compare captured 
vibration/sound, because physical 
contact as it is shown in Fig. 5, for 
which sound was measured through a 
sound level meter. 
 
 
Figure 5: Positioned vibration sensor. 
 
Sound and vibration curves are shown 
in a Fig. 6, according to compare both 
physical variables through designed 
sensor measurement. For this reason, the 
Fig. 6a shows sound measured by the 
sound level meter (Decibels) in which it 
was possible to recognize also 
resonance inside the range 20 to 40 
percent of motor speed. Furthermore, in 
Fig. 6c is shown vibration (equivalent in 
Voltage) taken from the tiniest thickness 
of the AAO designed sensor. Both the 
figures were achieved in the first 
experiment.  
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Nevertheless, this sensor was broken during 
the resonance of the motor. For this reason, it 
was tested a second design that was more 
robust (also double grosser than first). And 
the Fig. 6b shows sound that was produced 
by the motor, for which in Fig. 6d is shown 
vibration that was obtained by the sensor that 
was based in AAO (equivalent in Voltage). 
Therefore, while vibration increase, the 
voltage was reduced and the algorithm 
needed short execution time to clean main 
vibration signal. 
 
 
Figure 6. Vibration and sound signals comparison. 
 
As the consequence of the Fig. 6, this 
information lets to research the analysis 
and the correlation among vibration and 
sound, such as for example it is 
important consequence to deal not 
directly way the sound, it means through 
vibration. Furthermore, it can be 
avoided different disturbances from 
another sound coupled sources to the 
main vibration source, which it is 
studied, as the motor was tested in this 
work. However, how to fix the sensor? 
It needs correct procedures (especially, 
when it is a new designed sensor). In 
another context, it can be damaged as it 
is shown in Fig. 7. 
 
 
Figure 7: Damaged vibration sensor. 
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THERMAL EXPERIMENTS 
The other physical variable evaluated by 
measurements of the sensor and 
designed filter “a” was the temperature. 
In Fig. 8 depicted the setup to measure 
this thermal variable. For this, it needs 
to use an electrical resistance of 18 
Ohms inside a box. While electrical 
current circulates the closed electrical 
circuit among an electrical voltage 
source of 220V with also a relay 
(because of control signal to achieve 
temperature control), by “Joule effect” 
that was obtained the heating inside the 
box. Therefore, the proposed filter 
receives the temperature signal, which 
was stored by the memory of the control 
system. Furthermore, with the target to 
make comparisons between this physical 
variable measured and cleaned by the 
proposed filter “a”. It was measured 
temperature too, but by an integrated 
sensor: LM35, which measurement was 
stored by the control system memory.
 
 
Figure 8: Thermal variables measurements setup. 
 
Therefore in Fig. 9, it is shown that the 
comparison among temperature sensor LM 
35 and temperature register from sensor 
that was based in nanostructure of AAO.
 
        
Figure 9: Temperature comparison. 
 
ENHANCEMENT PROPOSAL 
It is looking for and testing new proposals 
that are widely studied and supported by 
more experiments, also through the 
analysis of the designed filter by more 
comparisons of materials. Therefore, it is 
suggested to improve by the hysteresis 
effect due to ferric oxide particles inserted 
in samples [3]. It can achieve enhanced 
memory characteristics in order to use in 
sensor measurement tasks.  
 
In Fig. 10, it is showed a microscopic picture 
(micrometers scale) from a sample that was 
based in AAO that was added ferric oxide 
particles by anodization process. 
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Figure 10: Ferric oxide particles added to AAO sample. 
 
CONCLUSIONS 
In this work, it is proposed a filter “a” that 
was based in predictive adaptation, even 
though disadvantages from main signal to 
get as reference from measured signal just 
in the moment when is getting the adaptive 
coefficients. However, in this research it 
was prepared the filter that was based in 
AAO as nanostructures. Therefore, the 
obtained response and the robustness are 
advantages to get a cleaned signal. 
 
It was achieved measurements from the 
filter that was based in nanostructures in 
order to enhance filtering process besides 
measurement of vibration as physical 
variable. The correlation among the 
designed vibration sensor with the 
proposed “a” algorithm was possible to 
get, because of faster response from AAO 
membranes. 
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